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Description 

FIELD OF THE INVENTION 

The invention relates to a method and a system for 
visualizing internal regions of an anatomical body ac- 
cording to the preambles of claims 1 and 20. More spe- 
cifically, the invention relates to a method and a system 
for determining the position of a probe relative to various 
anatomical features and displaying the internal anatom- 
ical structures corresponding to the position of the 
probe. 

BACKGROUND OF THE INVENTION 

In the document WO 88/09151 , a process and de- 
vice for the optical representation of surgical operations 
is described, whereat a coordinate measuring device is 
provided for detecting the position of the surgical instru- 
ment. Tomograms provided with at least three measure- 
ment points on the patient are stored in a computer and 
the position of three measurement points and that of the 
surgical instrument are determined. These positions are 
superimposed on corresponding tomographs on the 
screen. The purpose is the documenting of the perform- 
ance and outcome of a surgical operation, in hidden 
parts of the body, the instantaneous position of the sur- 
gical position or its course are represented during the 
operation and recorded for subsequent examination. To 
this end, tomograms provided with at least three meas- 
urement points on the patient are stored in a computer 
and can be displayed on a screen. The described proc- 
ess and device are used in the representation and doc- 
umentation of surgical operations. 

From the US Patent No. 4,638,798, a stereotactic 
method and apparatus for treating a region of a patient's 
body is known defining points in the region using a three- 
dimensional coordinate system with reference to a ring 
attached to the patient for establishing a reference point 
for the three-dimensional coordinate system at the cent- 
er of the ring. The ring and the reference point are used 
for stereotactically controlling instruments used to treat 
the region. The ring is provided with pins extending par- 
allel to the axis of the ring, and equidistant from the cent- 
er, for precise location of the center and of a base-line 
scan for correlation between the location of the region 
to be treated and the control system for treatment of the 
region. Prior to treatment, a series of no-ninvasive tom- 
ography scans are made through the region and at least 
part of the pins for determining the coordinate of at least 
one point of the region selected for the treatment with 
respect to the center of the ring. All parameters of this 
described system for stereotactic control of the instru- 
ments used for treatment are determined with respect 
to the ring center as a reference point. 

In the WO 90/05494, a process and apparatus par- 
ticularly suited for guiding neurosurgical operations is 
described. The described process for guiding neurosur- 



gical operations allows a considerable reducton of sur- 
gical traumatism during the removal of cerebral lesions 
by virtue of the possibility of converting intothree-dimen- 
sional images both the contours of the anatomical struc- 
s tures and the representation of the device for the stere- 
otactic detection of the affected region together with a 
stereotactic probe which defines a surgical path. The 
apparatus requires a stereotactic detection device being 
a stereotactic helmet fitted on a patient. 

In recent years, it has become commonplace for a 
surgeon to utilize slice images of a patient's internal or- 
gans. The images are used to plan the course of a med- 
ical procedure, be it diagnostic, therapeutic, or surgical, 
and for orientation during the procedure. The slice im- 
ages are typically generated by Computerized Tomog- 
raphy (CT) or by Magnetic Resonance Imaging (MRI). 
Images may also be captured using Angiography, Sin- 
gle-Photon Emission Computed Tomography, and Pos- 
itron Emission Tomography methods. 

The images typically presented to a user consist of 
a series of static images on film. These images are very 
detailed and can resolve anatomical structures less than 
one millimetre in size. However, their format differs 
greatly from the actual anatomical features seen during 
the surgical procedure. The images are presented in 
two-dimensional form rather than in the three-dimen- 
sional form of the anatomical features. In addition, the 
perspective of the slice image rarely corersponds to the 
surgeon's viewing angle during the procedure. Conse- 
quently, during a procedure, the slice images provide a 
primitive visualization aid to the patient's anatomy. 

To obtain proper orientation within a patient's body, 
surgeons can make an incision which is larger than the 
minimum required for the planned procedure. While pro- 
viding an enlarged window to the patient's anatomy, 
these larger incisions may result in longer hospital stays 
and increased risk for the patient. On the other hand, if 
only a small incision is made, the field of view available 
to the surgeon is greatly limited. As a result, the surgeon 
may become disoriented forcing him to correct and re- 
commence the procedure, or to continue at a high risk 
to the patient. 

While imaging equipment can be used to provide 
on-the-spot visualization of a patient, it is impractical to 
use the equipment in the operating room during the pro- 
cedure. First, the costs of purchasing, operating and 
maintaining the imaging equipment are prohibitive. Sec- 
ondly, surgeons have limited access to a patient who is 
placed in a scanning device. Furthermore, Magnetic 
Resonance Imaging and Computerized Tomography 
have side effects which may harm the patient and inhibit 
the procedures. Magnetic Resonance Imaging produc- 
es a very high fixed magnetic field which precludes the 
use of many instruments. Computerized Tomography, 
on the other hand, utilizes X-ray radiation which is 
known to damage human tissue and cause cancer. It is, 
therefore, not desirable to expose a patient to a compu- 
terized tomography scan for a prolonged period. 
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A known approach to localizing anatomy during sur- 
gery is currently being used for brain lesions. The meth- 
od is known as stereotactic surgery. It involves rigidly 
attaching the reference frame to the patient's head dur- 
ing the scanning. Using the marks left in the scanned 
images by the frame, the location of the lesion is com- 
puted. During the surgical procedure, a reference frame 
is again attached to the same location on the patient's 
head. The frame is used to direct drilling and cutting op- 
erations, which are done either manually or automati- 
cally. 

Stereotactic surgery has a number of drawbacks. 
Firstly, it is only suitable for localized brain lesions which 
have a direct approach path. Secondly, stereotactic sur- 
gery requires the use of a cumbersome and uncomfort- 
able reference frame. Furthermore, since the decision 
to undertake stereotactic surgery is usually done after 
a first scanning procedure, the patient must undergo a 
second scan with the frame attached. This results in a 
prolonged and expensive procedure. Moreover, if the 
scan utilizes computerized tomography imaging, then 
the patient is exposed to another dose of radiation. 

Known in the art are systems and methods de- 
signed to allow the use of previously acquired Computer 
Tomography or Magnetic Resonance Imaging scans as 
an aide in conventional open neurosurgery. In general, 
these methods use systems comprising: 

(a) a multi-jointed probe or sensor arm; 

(b) a computer processing unit which calculates the 
position of the probe arm relative to certain refer- 
ence points on the patent; and 

(c) a means of displaying the superpositioning of the 
location of the probe arm as calculated above on 
the previously acquired scan images. 

The display capabilities of such systems are limited 
in that they can display only the slice images as gener- 
ated by the computerized tomography or magnetic res- 
onance imaging scan. An example of such a system is 
disclosed in an international Application filed by Georg 
Schldndovff and published under No. WO88/09151. 
This application is mainly concerned with an arm struc- 
ture for locating the position of a probe. 

SUMMARY OF THE INVENTION 

In a first embodiment of the invention provides a 
method for visualizing internal regions of an anatomical 
body in relation to a probe, employing a data-base body 
of previously acquired images of the anatomical body, 
the method comprising the steps of: 

(a) obtaining a spatial position for the probe relative 
to the anatomical body; 

(b) determining a data-base location relative to the 
data-base body corresponding to the spatial posi- 
tion of the probe relative to the anatomical body; 



(c) mapping and registering the spatial position of 
the probe relative to the anatomical body to the cor- 
responding data-base location of the probe relative 
to the data-base body; and 

5 (d) displaying a region of the data-base body adja- 
cent the data-base location of the probe, the region 
being derived from a plurality of adjacent images of 
the data-base body, characterized by sensing 
movement of each of said probe and said anatom- 
10 ical body to permit said obtaining of said spatial po- 
sition for the probe relative to the anatomical body 
such as to permit the probe and the anatomical 
body to be independently displaced and such that 
registration between the data-base body and the 
15 anatomical body is maintained. 

In a second aspect, the invention provides a system 
for visualizing internal regions of an anatomical body by 
utilizing a data-base body of previously acquired images 
20 of the anatomical body, the system comprising: 

(a) a probe; 

(b) a data-base storage unit containing the previ- 
ously acquired images of the anatomical body; 

25 (c) a spatial determinator for determining the spatial 
position of the probe relative to the anatomical 
body; 

(d) a computer using the previously acquired imag- 
es to generate a representation of a region of the 

30 anatomical body adjacent to the spatial position of 
the probe; and 

(e) means to map and to register said spatial posi- 
tion of the probe relative to the anatomical body to 
the corresponding data-base location of the probe 

35 relative to the data-base body; and a display unit for 
displaying the representation of the anatomical 
body, characterized in that said probe and said an- 
atomical body each has means to permit said de- 
terminator to determine the spatial position of the 
40 probe relative to the anatomical body such as to 
permit the probe and the anatomical body to be in- 
dependently displaced such that registration be- 
tween the data-base body and the anatomical body 
is maintained. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
and to show more clearly how it may be carried into ef- 
50 feet, reference will now be made by way of example to 
the accompanying drawings which show alternate em- 
bodiments of the present invention, and in which: 

Figure 1 is a first embodiment of a probe-correlated 
55 imaging system; 

Figure 2 is a portion of a known probe-correlated 
imaging system; 

Figure 3 is a portion of a second embodiment of a 
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probe-correlated imaging system; 
Figure 4is a first display format employed in the sys- 
tem of fig. 1 ; 

Figure Sis a second display format employed in the 
system of fig. 1 ; and 

Figure 6is a third display format employed in the 
system of fig. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to fig. 1 a probe-correlated system ( 1 ) has 
a probe (10), a computer (11), a data storage unit (12), 
and a display (13). These components are, individually, 
well known and common. The system (1 ) is employed 
to view the anatomical structure of a patient (9) adjacent 
to the position of the probe (10). 

The computer (1 1 ) has ready access to the unit (1 2) 
which contains a data-base body (17) representing the 
anatomical structure of the patient (9). The data-base 
body (17) includes previously acquired digital images 

(15) of the patient (9). These images (15) can be ac- 
quired through various medical-imaging techniques, 
such as Computerized Tomography, Single-Photon 
Emission Computed Tomography, Positron Emission 
Tomography, Magnetic Resonance Imaging, Ultra- 
sound, or Angiography. 

In addition to the digital images (15) captured by 
medical-imaging techniques, the data-base body (17) 
can contain pre-processed digital images (16). For ex- 
ample, the digital images (15) together with their relative 
spatial relationship can be pre-processed to represent 
the various organ surfaces of the patient (9). There are 
known systems, not shown, which can read digital im- 
ages (15) and generate pre-processed digital images 

(16) according to their relative spatial relationship within 
the anatomical structure of the patient (9). The known 
system places the pre-processed images (1 6) in the da- 
ta-base body (17). The probe (10), or any other object 
which may function as a probe, is used by an operator, 
not shown, to point to a particular location on the ana- 
tomical body of the patient (9). The operator can move 
the probe (10) around or within the anatomical body of 
the patient (9). 

Spatial coordinates, representing the spatial posi- 
tion and possibly the spatial orientation, of the probe rel- 
ative to a fixed reference point, shown generally at the 
arrow (20), are conveyed to the computer (11). The ref- 
erence point (20) may either be on the patient (9) as 
shown, or on some stable platform nearby, not shown. 
There are a number of alternate methods which can be 
used to obtain the spatial coordinates of the probe (10) 
relative to its reference point (20). The apparatuses de- 
scribed in association with such method will be collec- 
tively referred to as spatial determinators. 

Referring to fig. 1 , an electro-magnetic emitter (20a) 
is positioned at the reference point (20) and a sensor 
(20b) is located on the probe (10). By comparing the tim- 



ing and phase of transmitted signals from the emitter 
(20a) to received signals picked up by the sensor (20b), 
the position and orientation of the probe (10) relative to 
the reference point (20) can be determined. A probe (1 0) 
$ using this known locating method is commercially avail- 
able. Given the spatial relationship between the refer- 
ence point (20) and the patient (9), the computer (11) 
can determine the position of the probe (10) relative to 
the patient (9). 

Referring to fig. 2, it is known to attach the probe 
(1 0) to a multi-joint light-weight arm (25) with a first sec- 
tion (26) and a second section (27) connected together 
at joint (22). The first section (26) of the multi-joint arm 
(25) is connected to a base (28) at joint (21 ). The base 
(28) is attached to the patient (9) using adhesive elastic 
tape (23). The probe (10) is attached to the second sec- 
tion (27) at joint (24). 

The joints (21), (22), (24), in combination, provide 
for a range of motion equal to or greater than that re- 
quired for a given procedure. Angular sensors, not 
shown, are located at the joints (21), (22), (24). 

The angular sensors are connected by wire (28a) 
to one another and to an electronic unit (29). The sen- 
sors detect any change in the position or orientation of 
the multi-joint arm (25), and convey this information to 
the electronic unit (29). 

The unit (29) uses geometric calculations to deter- 
mine the spatial position and spatial orientation of the 
probe (10) relative to the base (28) which is used as the 
reference point. The spatial position and spatial orien- 
tation of the probe (10) are sent to the computer (11 ) of 
fig. 1 through an electronic communication link (27). A 
suitable communication link (27) would be an RS-232 
serial communication interface. Since the base (28) is 
fixed to the body of the patient (9), the computer can use 
the spatial information to determine the position of the 
probe (10) relative to the patient (9). 

Alternately, referring to fig. 3, in a second embodi- 
ment a dual-arm arrangement, shown generally at (31 ), 
may be employed. The arrangement (31) is particularly 
effective where the multi-joint arm (30) of fig. 2 cannot 
be fixed to the patient (9). 

A stand (35) is used to anchor two multi-joint arms 
(36, 37) similar to the multi-joint arm (30) of fig. 2. A 
probe (10) is attached to the other end of arm (37). Arm 
(36) is attached at its other end to a reference point (40) 
on the patient (9). Sensors are mounted at joints (41 , 
42, 43) of arm (37), and at joints (44, 45,46) of arm (36). 
The sensors, in turn, are connected to an electronic unit 
(39). The electronic unit (39) decodes the position and 
orientation of the probe (10). Through the relative spatial 
positions and orientations of the probe (10) to the joint 
(41), the joint (41) to the joint (44) and the joint (44) to 
the reference point (40), the spatial position and orien- 
tation of the probe (10) relative to the patient (9) is ob- 
tained. The spatial position and orientation of the probe 
(10) is transmitted to the computer (11) of fig. 1 via the 
communication link (47). 
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The reference arm (36) shown in fig. 3 can be omit- 
ted if the patient (9) is fixed to an operating table (48). 
The patient can be fixed to the table (48) using straps 
(49). If the patient (9) is fixed, then the reference point 
(40) can be fixed arbitrarily in space. The relative posi- 
tion of the reference point (40) to the joint (41) may be 
determined once and the relative position of the probe 
(10) to the reference point (40) determined therefrom. 
However, if the patient (9) is moved during the proce- 
dure, a new reference point (40) or a new spatial rela- 
tionship must be established. 

To display the data-base image (15) or pre-proc- 
essed image (1 6) which correctly corresponds to the re- 
gion of the anatomical body of the patient (9) adjacent 
the probe (10), the system (1) must be able to map po- 
sitions of the anatomical body of the patient (9) to loca- 
tions in data-base body (17) during the procedure. In 
this sense mapping is a procedure for determining the 
current spatial position of the probe (10) and the corre- 
sponding adjacent data-base body (17) location. This 
correspondence may be initially determined through a 
procedure which maps the patient (9) to the data-base 
body (17). This procedure is known as "registration" 
since its purpose is to register the correspondence be- 
tween the anatomical body of the patient (9) and the da- 
ta-base body (17) with the computer (11). 

A number of registration methods are known. For 
example, one method involves the marking of reference 
points on the patent (9). However, this can be inconven- 
ient and there is a risk that the marked positions on the 
patient (9) may be erased between the time the scan 
images (15) were generated and the time the surgical 
procedure is performed. Another method involves plac- 
ing small markers, usually made of cad or ceramic ma- 
terial, on readily identifiable features of the patent, such 
as the ears or the corners of the eyes. 

The preferred registration method involves using 
the probe (1 0) to register with the computer (1 1 ) the spa- 
tial position of easily identifiable features of the patient, 
such as the space between the teeth, the nose or the 
corners of the eyes. In this method, the previously ac- 
quired scan images (15) or the pre-processed images 
(16) are displayed on the display (1 3) in such a manner 
as to allow the user of the system (1 ) to identify specific 
points of the chosen features of the patient (9). A three 
dimensional surface format, shown in figure 6, is the 
simplest such format for an unskilled viewer to compre- 
hend. Such a three-dimensional surface format can be 
derived from the pre-processed images (16) in a known 
manner, and suitable points such as the corners of the 
eyes (70), space between the teeth (72) are shown in 
figure 6. 

The method is as follows. The probe (10) is placed 
next to the feature point on the patient (9). The spatial 
position of the probe (1 0) is then determined. A movable 
marker, e.g. a cursor, on the display (1 3) is then adjusted 
so it coincides with a selected feature, e.g. corner of the 
eyes (70) as seen. It is then relatively simple for the com- 



puter (11) to perform necessary three dimensional 
transformation, so that the spatial position of the probe 

(1 0) and the corresponding data-base body location are 
registered with the computer (11 ). Using a set of at least 

5 three, and preferably about six, feature points on the pa- 
tient, a proper and unique transformation function, can 
be calculated which maps the spatial position of the 
probe ( 1 0) to the corresponding data-base body location 
and orientation. The accuracy of this transformation 
10 function is improved by the use of a larger number of 
points and a statistical error minimizing techniques, 
such as the least mean square error method. 

Once the anatomical body of the patient (9) has 
been registered with the computer (11), the operator can 
is move the probe (10) in and around the patient (9), and 
at the same time view the hidden anatomical features 
of the patient (9) as they appear in the data-base body 
(17). The anatomical features of the patient (9) in the 
data-base body (17) are presented on the display unit 
(1 3) in relationship to the spatial position and possibly 
orientation of the probe (10). 

It is not strictly necessary to use the orientation of 
the probe (10) to carry out many of the features of the 
invention. The probe (10) may be represented on the 
display (1 3) as a point rather than a full probe (10). The 
region adjacent the point probe (10) is then displayed. 
The orientation of the regions displayed is known from 
the computer (11) and not determined by the orientation 
of the probe (10). 

A possible presentation format for the data-base im- 
ages (15) of the patient (9) is shown in fig. 4. Two-di- 
mensional representations or slice images are generat- 
ed by the computer (11) from the data-base images (15). 
The position of the probe (10) relative to the anatomical 
body (9) is marked on a slice image (50) by the computer 

(11) . The slice image (50) together with the probe (52) 
are displayed on the unit (13). 

The screen of the display unit (1 3) is divided into 4 
separate windows. Three of the windows contain slice 
images corresponding to three cardinal anatomical 
planes: sagittal (50); axial (54); and coronal (56). The 
three slice images (50, 54, 56) intersect at the location 
of the probe (52). Thus, the operator can observe the 
anatomical feature of the patient (9) relative to the po- 
sition of the probe (10) in the six main directions: ante- 
rior, posterior, superior, inferior, right and left. The fourth 
window depicted on the display unit (13) can show a 
slice (57) through the anatomical features in mid-sagittal 
orientation along the axis of the probe (10). The position 
and orientation of the probe (10) can be marked on the 
slice (57), thereby allowing the operator to direct viewing 
of what lies ahead of the probe (10). 

Another presentation format for the data-base im- 
ages (15) and pre-processed images (16) is shown in 
fig. 5. A three-dimensional model (58) of the patient (9) 
is generated by the computer (11) from the images (15, 
16). The computer (11) also generates a three-dimen- 
sional model (60) of the probe (10). The relative loca- 
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tions of the models (60), (58) correspond to the spatial 
position and orientation of the probe (10) relative to the 
patient (9). The three-dimensional model (58) of the pa- 
tient (9) generated from the stored images (15, 16) is 
presented together with the model (60) on the display 
unit (13). 

Other display methods than the display of slices or 
using pre-processing may be used in conjunction with 
the principles described herein. For example, the com- 
puter (11) can generate displays directly from the imag- 
es (1 5) using a ray-cast method. In one ray-cast method 
the computer (11) creates the display using the results 
of simulated X-rays passing through the images (15). 
The simulated X-rays will be affected differently by dif- 
ferent elements in the images (15) according to their rel- 
ative absorption of the X-rays. The results may be dis- 
played along with the probe (10) in a manner similar to 
those described for slices or 3d-images. This produces 
a simulated X-ray display. In another ray-cast method a 
display is created using the results of simulated light 
rays passing through the images (15). The elements in 
the images (15) which do not pass the simulated light 
rays correspond to surface features and may be used 
to generate a display similar to the three-dimensional 
model (58). 

There are other ray casting methods which are well 
known in the art. 

The computer (11) can be used to further process 
the slice image (50) and three-dimensional images (58) 
generated from the data-base body (17). For example, 
a wedge-shaped portion (62) has been cut from the 
three-dimensional image (58). The cut-out portion (62) 
exposes various structures adjacent to the probe (10), 
which would not otherwise be observable. In addition, 
the cut-out portion (62) gives the operator an unob- 
structed view of the position of the probe (10) even if it 
is within the patient (9). The slice images (50) and three- 
dimensional images (58), (60) can also be processed 
by the computer (1 1 ) using other known image process- 
ing techniques. For example, the model (60) of the 
probe (10) can be made translucent, or the slice image 
(50) can be combined with other slice views. 



Claims 

1 . A method for visualizing internal regions of an ana- 
tomical body (9) in relation to a probe (10), employ- 
ing a data-base body (1 7) of previously acquired im- 
ages of the anatomical body (9), the method com- 
prising the steps of: 

(a) obtaining a spatial position for the probe 
(10) relative to the anatomical body (9); 

(b) determining a data-base location relative to 
the data-base body (17) corresponding to the 
spatial position of the probe (10) relative to the 
anatomical body (9); 



(c) mapping and registering the spatial position 
of the probe (10) relative to the anatomical body 
(9) to the corresponding data -base location of 
the probe (10) relative to the data-base body 

s (17); and 

(d) displaying a region of the data-base body 
(17) adjacent the data-base location of the 
probe (10), the region being derived from a plu- 
rality of adjacent images of the data-base body 

10 (17), 

characterized by 

the step of sensing movement of each of said probe 
(10) and said anatomical body (9) to permit said ob- 
15 taining of said spatial position for the probe (10) rel- 
ative to the anatomical body (9) such as to permit 
the probe (10) and the anatomical body (9) to be 
independently displaced and such that registration 
between the data-base body (1 7) and the anatom- 
ic ical body (9) is maintained. 

2. The method according to claim 1 , 
characterized in that 

displaying a region of the data-base body (17) ad- 
25 jacent to the data-base location of the probe (10) 
comprises the steps of: 

(a) generating a slice image from the previously 
acquired images and intersecting a plurality of 

30 adjacent images, representing a region of the 

data-base body (1 7) adjacent to a data-base lo- 
cation of the probe (10); and 

(b) displaying the slice image. 

35 3. The method according to claim 1 , 
characterized in that 

displaying a region of the data-base body (17) ad- 
jacent to the data-base location of the probe (10) 
comprises the steps of: 

40 

(a) generating a three-dimensional body model 
from the previously acquired images represent- 
ing a region of the data-base body adjacent to 
the data-base location of the probe; and 
45 (b) displaying the three-dimensional body mod- 

el. 

4. The method according to claim 1 , 
characterized in that 
50 displaying a region of the data-base body adjacent 
to the data-base location of the probe comprises the 
steps of: 

(a) generating a three-dimensional body model 
55 from previously acquired images which have 

been pre-processed to depict anatomical fea- 
tures and which represent a region of the data- 
base body adjacent 



6 



11 



EP 0 501 993 B1 



12 



to the data-base location of the probe; and (b) 
displaying the three-dimensional body model. 

5. The method according to claim 4, 
characterized in that 

in step (a) a portion of the three-dimensional body 
model is removed to reveal a location correspond- 
ing to the location of the probe (10). 

6. The method according to claim 1 , 
characterized in that 

displaying a region of the data-base body (17) ad- 
jacent to the data-base location of the probe (10) 
comprises the steps of: 

(a) generating a display format through the use 
of a ray-cast method on previously acquired im- 
ages representing a region of the data-base 
body adjacent to the data-base location of the 
probe; and 

(b) displaying the display format. 

7. The method according to claim 6, 
characterized in that 

the ray-cast method is selected from the group con- 
sisting of X-ray and light ray. 

8. The method according to claim 6 or 7, 
characterized in that 

the display format is a three-dimensional format. 

9. The method according to claim 1 , 2 or 3, 
characterized in that 

the spatial orientation of the probe (10) is obtained 
along with its spatial position. 

10. The method according to claim 1 , 2 or 3, 
characterized in that 

a representation of the probe is displayed along with 
the region of the data-base body (17) adjacent the 
data-base location of the probe (10) and the relative 
locations of the representation of the probe ( 1 0) and 
the data-base body (17) correspond to the spatial 
position of the probe (10) relative to the anatomical 
body (9). 

11. The method according to claim 5, 
characterized in that 

a representation of the probe (10) is displayed with 
the three-dimensional body model, the relative lo- 
cation of the representation of the probe (10) to the 
three-dimensional body model corresponding to the 
spatial position of the probe (10) relative to the an- 
atomical body (9). 

12. The method according to claim 11 , 
characterized in that 

the representation of the probe (10) corresponds 



closely to the actual probe, wherein the represen- 
tation of the probe is additionally oriented to corre- 
spond to the orientation of the probe with respect to 
the anatomical body (9), and with the perspective 
5 of the representation of the probe (10) and of the 
three-dimensional body model corresponding to 
one another. 

13. The method according to claim 1, 
10 characterized by 

further comprising a step for registration prior to ob- 
taining the spatial position, registration including the 
steps of: 

(a) positioning the probe (10) next to a particu- 
lar feature of the anatomical body (9); 

(b) determining a spatial position for the probe 
(10); 

(c) displaying a region of the data-base body 
(17) having a data-base body feature corre- 
sponding to the particular feature; 

(d) identifying the particular feature on the dis- 
played region; and 

(e) registering the spatial position of the probe 
and the location on the data-base body corre- 
sponding to the position of the particular fea- 
ture; whereby, a data-base location is deter- 
mined to correspond with a spatial position of 
the probe (10). 

14. The method according to claim 1, 
characterized by 

further comprising a step for registration prior to ob- 
taining the spatial position, registration including the 
steps of: 

(a) marking locations in the data-base body 
(17) which correspond to particular features of 
the anatomical body (9); 

(b) positioning the probe (10) next to a particu- 
lar feature of the anatomical body (9); 

(c) determining the spatial position of the probe 
(10); 

(d) registering the spatial position of the probe 
(10) and its corresponding data-base body lo- 
cation, 

whereby, a data-base body location is deter- 
mined to correspond with a spatial position of 
the probe (10). 

15. The method according to claim 1 , 
characterized by 

further comprising a step for registration prior to ob- 
taining the spatial position, registration including the 
steps of: 

(a) marking a position on the anatomical body 
(9) of a particular scanned image containing a 
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corresponding location in the data-base body 
(17); 

(b) positioning the probe (10) next to the 
marked position on the anatomical body (9); 

(c) determining the spatial position of the probe 
(10); 

(d) registering the spatial position of the probe 
(10) and its corresponding data-base body lo- 
cation, 

whereby a data-base body location is deter- 
mined to correspond with a spatial position of 
the probe (10). 

16. The method according to claim 13, 
characterized in that 

the display of step (c) is a three-dimensional dis- 
play. 

17. The method according to claims 13 or 16, 
characterized in that 

more than three data-base locations are identified 
and taht errors between the corresponding data- 
base locations and spatial positions are minimized 
to improve the accuracy of the registration step. 

18. The method according to claim 17, 
characterized in that 

the errors are minimized using at least mean 
squares analysis. 

19. The method according to claim 13, 
characterized in that 

the probe (10) is connected to the anatomical body 
(9) in such a manner that, following registration, if 
the anatomical body (9) is displaced, registration 
between the data-base body (17) and the anatom- 
ical body (9) is maintained. 

20. A system for visualizing internal regions of an ana- 
tomical body by utilizing a data-base body (17) of 
previously acquired images of the anatomical body 
(9), the system comprising 

a probe (10); 

a data-base storage unit (12) containing the 
previously acquired images of the anatomical 
body (9); 

a spatial determinator (20a, 20b, 36, 37, 39) for 
determining the spatial position of the probe 
(10) relative to the anatomical body (9); 
a computer (11 ) using the previously acquired 
images to generate a representation of a region 
of the anatomical body (9) adjacent to the spa- 
tial position of the probe (10); 
means (11) to map and to register said spatial 
position of the probe relative to the anatomical 
body (9) to the corresponding data-base loca- 
tion of the probe (10) relative to the data-base 



body (9); and 

a display unit (13) for displaying the represen- 
tation of the anatomical body, 

5 characterized in that 

said probe (10) and said anatomical body (9) each 
has means (20a, 20b, 26, 27) to permit said deter- 
minator to determine the spatial position of the 
probe (10) relative to the anatomical body (9) such 

10 as to permit the probe (10) and the anatomical body 
(9) to be independently displaced such that regis- 
tration between the data-base body ( 1 7) and the an- 
atomical body (9) is maintained. 

15 21 . The system according to claim 20, 
characterized in that 

the generated representations are displayed in a 
three-dimensional surface format. 

20 22. The system according to claim 20, 
characterized in that 

the computer (1 1 ) is adapted to be initialized for the 
location in the data-base storage unit correspond- 
ing to the spatial position of the probe ( 1 0) by having 

25 the probe positioned next to a particular feature 
point of the anatomical body (9), determining a spa- 
tial position of the probe (10), displaying a region of 
the data-base body (17) having a data-base body 
feature corresponding to the particular feature on 

30 the displayed region, and registering the spatial po- 
sition of the probe (10) and the location on the data- 
base body (1 7) corresponding to the position of the 
particular feature. 

35 23. The system according to claim 22, 
characterized in that 

the generated images are displaced in three-dimen- 
sional format during registration, and the particular 
features are identified on the three-dimensional for- 
40 mat. 

24. The system according to claim 20, 
characterized in that 

the spatial determinator (20a, 20b, 36, 37, 39) in- 
45 eludes: 

(a) an electro-magnetic emitter on a reference 
point for transmitting a signal; 

(b) a sensor on the probe (10) for receiving the 
50 signal; and 

(c) means for comparing the transmitted signal 
with the received signal to determine the posi- 
tion of the probe (10). 

55 25. The system according to claim 20, 
characterized in that 

the spatial determinator (20a, 20b, 36, 37, 39) in- 
cludes; 
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(a) first, second, third and fourth sections; 

(b) a stand; 

(c) a first joint between the first section and the 
probe; 

(d) a second joint between the first and second 
sections; 

(e) a third joint between the second section and 
the stand; 

(f ) a fourth joint between the stand and the third 
section; 

(g) a fifth joint between the third section and the 
fourth section; 

(h) a sixth joint between the fourth section and 
a reference point whose spatial position rela- 
tive to the anatomical body is known; 

(i) sensors positioned at each of the joints; and 
(j) means connected to the sensors for deter- 
mining the position of the probe relative to the 
anatomical body. 

26. The system according to claim 20, 
characterized in that 

the spatial determinator (20a, 20b, 36, 37, 39) de- 
termines the spatial orientation of the probe (10) as 
well as its spatial position. 



Patentanspruche 

1. Verfahren zum Sichtbarmachen innerer Bereiche 
eines anatomischen Korpers (9) in Bezug auf eine 
Sonde unter Verwendung eines Datenbankkorpers 
(17) zuvor aufgenommener Bilder des anatomi- 
schen Korpers (9), welches folgende Schritte auf- 
weist: 



den Schritt des Erfassens der Bewegung von so- 
wohl der Sonde (10) als auch des anatomischen 
Korpers (9) zum Erhalten der raumlichen Position 
fur die Sonde (10) relativzum anatomischen Korper 
5 (9), derart daGdie Sonde (10) undderanatomische 
Korper (9) unabhangig verschoben werden, und 
derart, daf3 die Registrierung zwischen dem Daten- 
bankkorper (17) und dem anatomischen Korper (9) 
aufrechterhalten wird. 

10 

2. Verfahren nach Anspruch 1, 
dadurch gekennzeichnet, 

daB das Anzeigen eines Bereichs des Datenbank- 
korpers (17) neben dem Datenbankort der Sonde 
15 (10) folgende Schritte aufweist: 

a) Erzeugen eines Schnittbildes aus den zuvor 
aufgenommenen Bildern und Schneiden einer 
Vielzahl der benachbarten Bilder, darstellend 

20 eines Bereichs des Datenbankkorpers (1 7) ne- 

ben einem Datenbankort der Sonde (10); und 

b) Anzeigen des Schnittbilds. 

25 3. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

da3 das Anzeigen eines Bereichs des Datenbank- 
korpers (17) neben dem Datenbankort der Sonde 
(10) folgende Schritte aufweist: 

30 

a) Erzeugen eines dreidimensionalen Korper- 
modells aus dem zuvor aufgenommenen Bil- 
dern, darstellend einen Bereich des Daten- 
bankkorpers neben dem Datenbankort der 
35 Sonde; und 



20 



a) Einrichten einer raumlichen Position fur die 
Sonde (10) relativ zum anatomischen Korper 

(9) ; 

40 

b) Bestimmen eines Datenbankorts relativzum 
Datenbankkorper (17) entsprechend der raum- 
lichen Position der Sonde (10) relativ zum ana- 
tomischen Korper (9); 

45 

c) Abbilden und Registrieren der raumlichen 
Position der Sonde (10) relativ zum anatomi- 
schen Korper (9) auf dem entsprechenden Da- 
tenbankort der Sonde (10) relativ zum Daten- 
bankkorper (17); und so 

d) Anzeigen eines Bereichs des Datenbankkor- 
pers (17) neben dem Datenbankort der Sonde 

(10) , wobei der Bereich von einer Vielzahl be- 
nachbarter Bilder des Datenbankkorpers (17) 55 
abgeleitet wird, 

gekennzeichnet durch 



b) Anzeigen des dreidimensionalen Kdrpermo- 
dells. 

4. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daG das Anzeigen eines Bereichs des Datenbank- 
korpers neben dem Datenbankort der Sonde fol- 
gende Schritte aufweist: 

a) Erzeugen eines dreidimensionalen Korper- 
modells aus zuvor aufgenommenen Bildern, 
welche zur Abbildung anatomischer Merkmale 
vorverarbeitet sind und welche einen Bereich 
des Datenbankkorpers neben dem Datenbank- 
ort der Sonde darstellen; und 

b) Anzeigen des dreidimensionalen Korpermo- 
dells. 

5. Verfahren nach Anspruch 4, 
dadurch gekennzeichnet, 

daG in Schritt (a) ein Bereich des dreidimensionalen 
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Korpermodells entfernt wird, um einen Ort entspre- 
chend dem Ort der Sonde (10) freizulegen. 

6. Verfahren nach Anspruch 1, 
dadurch gekennzeichnet, 

daB das Anzeigen eines Bereichs des Datenbank- 
korpers (17) neben dem Datenbankort der Sonde 
(10) folgende Schritte aufweist: 

a) Erzeugen eines Anzeigeformats unter Be- 
nutzung eines Strahlenabbildungsverfahrens 
auf zuvor aufgenommenen Bildern zum Dar- 
stellen eines Bereichs des Datenbankkorpers 
neben dem Datenbankort der Sonde; und 

b) Anzeigen des Anzeigeformats. 

7. Verfahren nach Anspruch 6, 
dadurch gekennzeichnet, 

daB das Strahlenabbildungsverfahren aus der 
Gruppe bestehend aus Rontgenstrahlung und 
Lichtstrahlung ausgewahlt wird. 

8. Verfahren nach Anspruch 6 oder 7, 
dadurch gekennzeichnet, 

daB das Anzeigeformat ein dreidimensionales For- 
mat ist. 

9. Verfahren nach Anspruch 1 , 2 oder 3, 
dadurch gekennzeichnet, 

daB die raumliche Orientierung der Sonde (10) zu- 
sammen mit ihrer raumlichen Position erhalten 
wird. 

10. Verfahren nach Anspruch 1 , 2 oder 3, 
dadurch gekennzeichnet, 

daB eine Darstellung der Sonde zusammen mit 
dem Bereich des Datenbankkorpers (17) neben 
dem Datenbankort der Sonde (10) angezeigt wird, 
und daB die relativen Orte der Dar stellung der Son- 
de (10) und des Datenbankkorpers (17) der raum- 
lichen Position der Sonde (10) relativ zum anatomi- 
schen Korper (9) entsprechen. 

11. Verfahren nach Anspruch 5, 
dadurch gekennzeichnet, 

daB eine Darstellung der Sonde (10) mit dem drei- 
dimensionalen Korpermodell angezeigt wird, wobei 
der relative Ort der Darstellung der Sonde (1 0) zum 
dreidimensionalen Korpermodell der raumlichen 
Position der Sonde (10) relativ zum anatomischen 
Korper (9) entspricht. 

12. Verfahren nach Anspruch 11, 
dadurch gekennzeichnet, 

daB die Darstellung der Sonde (10) genau der tat- 
sachlichen Sonde entspricht, wobei die Darstellung 
der Sonde zusatzlich so orientiert ist, daB sie der 



Orientierung der Sonde bezuglich des anatomi- 
schen Korpers (9) entspricht, und wobei die Per- 
spektive der Darstellung der Sonde (10) und des 
dreidimensionalen Korpermodells einander ent- 
5 sprechen. 

1 3. Verfahren nach Anspruch 1 , 
gekennzeichnet durch den Schritt der Registrierung 
vor dem Erhalten der raumlichen Position, wobei 

10 die Registrierung folgende Schritte aufweist: 

a) Positionieren der Sonde (10) neben einem 
bestimmten Merkmal des anatomischen Kor- 
pers (9); 

15 

b) Bestimmen einer raumlichen Position der 
Sonde (10); 

c) Anzeigen eines Bereichs des Datenbankkor- 
20 pers (17) mit einem Datenbankkorpermerkmal 

entsprechend dem bestimmten Merkmal; 

d) Identifizieren des bestimmten Merkmals auf 
dem angezeigten Bereich; und 

25 

e) Registrieren der raumlichen Position der 
Sonde und des Ortes auf dem Datenbankkor- 
per entsprechend der Position des bestimmten 
Merkmals; 

30 

wodurch ein Datenbankort bestimmt wird, der einer 
raumlichen Position der Sonde (10) entspricht. 

14. Verfahren nach Anspruch 1, 

35 gekennzeichnet durch den Schritt der Registrierung 
vor dem Erhalten der raumlichen Position, wobei 
die Registrierung folgende Schritte aufweist: 

a) Markieren von Orten in dem Datenbankkor- 
40 per (17), welche bestimmten Merkmalen des 

anatomischen Korpers (9) entsprechen; 

b) Positionieren der Sonde (1 0) nahe einem be- 
stimmten Merkmal des anatomischen Korpers 

<* (9); 

c) Bestimmen der raumlichen Position der Son- 
de (10); 

50 d) Registrieren der raumlichen Position der 

Sonde (10) und ihres entsprechenden Daten- 
bankkorperorts; 

wodurch ein Datenbankkorperort bestimmt wird, 
55 der mit einer raumlichen Position der Sonde (10) 
ubereinstimmt. 

15. Verfahren nach Anspruch 1, 
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eine Datenbankspeichereinheit (12) mit den 
zuvor aufgenommenen Bildern des anatomi- 
schen Korpers (9); 

5 einen raumlichen Determinator (20a, 20b, 36, 

37, 39) zum Bestimmen der raumlichen Positi- 
on der Sonde (10) relativ zum anatomischen 
Korper (9); 

10 einen Computer (11), welcherdie zuvor aufge- 

nommenen Bilder benutzt, urn eine Darstellung 
eines Bereichs des anatomischen Korpers (9) 
neben der raumlichen Position der Sonde (10) 
zu erzeugen; 

15 

eine Einrichtung (11) zum Abbilden und Regi- 
strieren der raumlichen Position der Sonde re- 
lativ zum anatomischen Korper (9) auf dem ent- 
sprechenden Datenbankort der Sonde (10) re- 
20 lativ zum Datenbankkorper (9); 



gekennzeichnet durch den Schritt der Registrierung 
vor dem Erhalten der raumlichen Position, wobei 
die Registrierung folgende Schritte aufweist: 

a) Markieren einer Position auf dem anatomi- 
schen Korper (9) eines bestimmten gescann- 
ten Bildes mit einem entsprechenden Ort im 
Datenbankkorper (17); 

b) Positionieren der Sonde (10) nahe der mar- 
kierten Position auf dem anatomischen Korper 
(9); 

c) Bestimmen der raumlichen Position der Son- 
de (10); 

d) Registrieren der raumlichen Position der 
Sonde (10) und ihres entsprechenden Daten- 
bankkdrperorts; 

wodurch ein Datenbankkorperort bestimmt wird, 
der mit einer raumlichen Position der Sonde (10) 
ubereinstimmt. 

16. Verfahren nach Anspruch 13, 
dadurch gekennzeichnet, 

daG die Anzeige von Schritt (c) eine dreidimensio- 
nale Anzeige ist. 

17. Verfahren nach Anspruch 13oder 16. 
dadurch gekennzeichnet, 

daG mehr als drei Datenbankorte identifiziert wer- 
den und daG Fehler zwischen den entsprechenden 
Datenbankorten und den raumlichen Positionen mi- 
nimalisiert werden, um die Genauigkeit des Regi- 
strierungsschritts zu verbessern. 

18. Verfahren nach Anspruch 17, 
dadurch gekennzeichnet, 

daG die Fehler unter Benutzung einer Analyse der 
kleinsten Fehlerquadrate minimalisiert werden. 

19. Verfahren nach Anspruch 13, 
dadurch gekennzeichnet, 

daG die Sonde (10) derart mit dem anatomischen 
Korper (9) verbunden ist, daG falls der anatomische 
Korper (9) nach der Registrierung verschoben wird, 
die Registrierung zwischen dem Datenbankkorper 
(17) und dem anatomischen Korper (9) aufrechter- 
halten wird. 

20. System zum Sichtbarmachen innerer Bereiche ei- 
nes anatomischen Korpers unter Benutzung eines 
Datenbankkorpers (17) zuvor aufgenommener Bil- 
der des anatomischen Korpers (9), welches auf- 
weist: 

eine Sonde (10); 



eine Anzeigeeinheit (13) zum Anzeigen der 
Darstellung des anatomischen Korpers, 

25 dadurch gekennzeichnet, 

daG 

die Sonde (10) und der anatomische Korper (9) je- 
weils eine Einrichtung (20a, 20b, 26, 27) aufweisen, 
welche es ermdglicht, daG der Determinator die 

30 raumliche Position der Sonde (1 0) relativ zum ana- 
tomischen Korper (9) derart bestimmt, daG die Son- 
de (1 0) und der anatomische Korper (9) unabhangig 
verschiebbar sind, und derart, daG die Registrie- 
rung zwischen dem Datenbankkorper (1 7) und dem 

35 anatomischen Korper (9) aufrechterhalten bleibt. 

21. System nach Anspruch 20, 
dadurch gekennzeichnet, 

daG die erzeugten Darstellungen in einem dreidi- 
40 mensionalen Oberflachenformat angezeigt wer- 
den. 

22. System nach Anspruch 20, 
dadurch gekennzeichnet, 

45 daG der Computer (11) derart gestaltet ist, daG er 
fur den Ort in der Datenbankspeichereinheit ent- 
sprechend der raumlichen Position der Sonde (10) 
so initialisiert wird, daG er die Sonde neben einem 
bestimmten Merkmalspunkt des anatomischen 

so Korpers (9) positioned hat, daG eine raumliche Po- 
sition der Sonde (10) bestimmt wird, daG ein Be- 
reich des Datenbankkorpers (17) mit einem Daten- 
bankkorpermerkmal entsprechend dem bestimm- 
ten Merkmal auf dem angezeigten Bereich ange- 

55 zeigt wird und daG die raumliche Position der Sonde 
(1 0) und der Ort auf dem Datenbankkorper (17) ent- 
sprechend der Position des bestimmten Merkmals 
registriert werden. 
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23. System nach Anspruch 22, 
dadurch gekennzeichnet, 

daB die erzeugten Bilder in einem dreidimensiona- 
len Format wahrend der Registrierung verschoben 
werden, und daB die bestimmten Merkmale auf s 
dem dreidimensionalen Format identifiziert werden. 

24. System nach Anspruch 20, 
dadurch gekennzeichnet, 

daB der raumliche Determinator (20a, 20b, 36, 37, 10 
39) aufweist: 

a) einen elektromagnetischen Emitter auf ei- 
nem Referenzpunkt zum Ubertragen eines Si- 
gnales; is 

b) einen Sensor auf der Sonde (10) zum Emp- 
fangen des Signals; und 

c) eine Einrichtung zum Vergleichen des uber- 20 
tragenen Signals mit dem empfangenden Si- 
gnal zur Bestimmung der Position der Sonde 
(10). 

25. System nach Anspruch 20, 25 
dadurch gekennzeichnet, 

daB der raumliche Determinator (20a, 20b, 36, 37, 
39) aufweist: 

a) erste, zweite, dritte und vierte Abschnitte; 30 

b) einen Stander; 

c) ein erstes Gelenk zwischen dem ersten Ab- 
schnitt und der Sonde; 35 

d) ein zweites Gelenk zwischen dem ersten und 
zweiten Abschnitt; 

e) ein drittes Gelenk zwischen dem zweiten Ab- 40 
schnitt und dem Stander; 

f) ein viertes Gelenk zwischen dem Stander 
und dem dritten Abschnitt; 



45 



g) ein funftes Gelenk zwischen dem dritten Ab- 
schnitt und dem vierten Abschnitt; 



Sonde relativ zum anatomischen Korper. 

26. System nach Anspruch 20, 
dadurch gekennzeichnet, 

daB der raumliche Determinator (20, 20b, 36, 36, 
39) die raumliche Orientierung der Sonde (10) so- 
wie ihre raumliche Position bestimmt. 



Revendications 

1. Proced6 pour visualiser des regions internes d'un 
corps anatomique (9) en liaison avec une sonde 
(10), utilisant un corps base de donnees (17) dama- 
ges anterieurement saisies du corps anatomique 
(9), le procede comprenant les etapes consistant a: 

(a) obtenir une position spatiale de la sonde 
(10) par rapport au corps anatomique (9); 

(b) determiner un emplacement en base de 
donnees par rapport au corps base de donnees 
(17) correspondant a la position spatiale de la 
sonde (10) par rapport au corps anatomique 

(9); 

(c) faire correspondre par application et regis- 
tre a la position spatiale de la sonde (10) par 
rapport au corps anatomique (9) I'emplace- 
ment en base de donnees correspondant de la 
sonde (10) par rapport au corps base de don- 
nees (17); et 

(d) visualiser une region du corps base de don- 
nees (17) se trouvant au voisinage de I'empla- 
cement en base de donnees de la sonde (10), 
la region etant derivee d'une pluralite d'images 
adjacentes du corps base de donnees (17), 

caracterisS par 

l*6tape de detection des deplacements de 
chacun de ladite sonde (10) et dudit corps anatomi- 
que (9) pour permettre ladite obtention de ladite po- 
sition spatiale de la sonde (10) par rapport audit 
corps anatomique (9) de maniere a autoriser les de- 
placements independants de ladite sonde (10) et 
dudit corps anatomique (9) et de telle maniere que 
le registre etabli faisant correspondre le corps base 
de donnees(1 7) au corps anatomique (9) soit main- 
tenu. 



h) ein sechstes Gelenk zwischen dem vierten 2. 
Abschnitt und einem Referenzpunkt, dessen so 
raumliche Position relativ zum anatomischen 
Korper bekannt ist; 

e) Sensoren, welche an den Gelenken ange- 
ordnet sind; und 55 

j) eine Einrichtung, die mit den Sensoren ver- 
bunden ist, zum Bestimmen der Position der 



Proced6 selon la revendication 1 , caract6ris6 en ce 
que la visualisation d'une region du corps base de 
donnees (17) voisine de I'emplacement en base de 
donnees de la sonde (1 0) comprend les dtapes con- 
sistant a: 

(a) generer une image en coupe a partir des 
images anterieurement saisies et croisant une 
pluralite d'images adjacentes, representant 
une region du corps base de donnees (17) voi- 
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sine d'un emplacement en base de donnees de 

la sonde (10); et 

(b) visualiser I'image en coupe. 

3. Precede selon la revendication 1 , caracterise en ce 
que la visualisation d'une region du corps base de 
donnees (17) voisine de I'emplacement en base de 
donnees de la sonde (10) comprend les etapes con- 
sistant k\ 

(a) generer un modele de corps k trois dimen- 
sions a partir des images anterieurement sai- 
sies representant une region du corps base de 
donnees voisine d'un emplacement en base de 
donnees de la sonde; et 

(b) visualiser le modele de corps a trois dimen- 
sions. 

4. Procede selon la revendication 1 , caracterise en ce 
que la visualisation d'une region du corps base de 
donnees voisine de ['emplacement en base de don- 
nees de la sonde comprend les etapes consistant a: 

(a) generer un modele de corps a trois dimen- 
sions k partir d'images anterieurement saisies 
qui ont ete pretraitees pour representer des ca- 
racteristiques anatomiques et representant 
une region du corps base de donnees voisine 
d'un emplacement en base de donn6es de la 
sonde; et 

(b) visualiser le modele de corps a trois dimen- 
sions. 

5. Procede selon la revendication 4, caracterise en ce 
que dans retape (a) une partie du modele de corps 
a trois dimensions est enlevee afin de d6couvrir un 
emplacement correspondant a I'emplacement de la 
sonde (10). 

6. Procede selon la revendication 1 , caracterise en ce 
que la visualisation d'une region du corps base de 
donnees (17) voisine de I'emplacement en base de 
donnees de la sonde ( 1 0) comprend les etapes con- 
sistant a: 

(a) generer une presentation de visualisation 
via I'utilisation d'un procede a projection de 
rayons (ray-cast) sur des images anterieure- 
ment saisies representant une region du corps 
base de donnees voisine d'un emplacement en 
base de donnees de la sonde; et 

(b) visualiser la presentation de visualisation. 

7. Procede selon la revendication 6, caracterise en ce 
que le procede a projection de rayons est seiection- 
ne dans le groupe forme par les rayons X et les 
rayons lumineux. 



8. Procede selon la revendication 6 ou 7, caracterise 
en ce que la presentation de visualisation est une 
presentation k trois dimensions. 

5 9. Procede selon la revendication 1 , 2 ou 3, caracte- 
rise en ce que I'orientation spatiale de la sonde (1 0) 
est obtenue en meme temps que sa position spa- 
tiale. 

10 io. Procede selon la revendication 1, 2 ou 3, caracte- 
rise en ce qu'une representation de la sonde est vi- 
sualisee en meme temps que la region du corps ba- 
se de donnees (17) voisine de I'emplacement en 
base de donnees de la sonde (10) et les emplace- 
15 ments relatifs de la representation de la sonde (10) 
et du corps base de donnees (17) correspondent a 
la position spatiale de la sonde (10) relativement au 
corps anatomique (9). 

20 11 . Proc6d6 selon la revendication 5, caracterise en ce 
qu'une representation de la sonde (10) est visuali- 
see en meme temps que le modele de corps a trois 
dimensions, I'emplacement de la representation de 
la sonde (10) relativement au modele de corps k 

25 trois dimensions correspondant a la position spatia- 
le de la sonde (10) relativement au corps anatomi- 
que (9). 

12. Proc6de selon la revendication 11, caracterise en 
30 ce que la representation de la sonde (10) corres- 
pond etroitement k la sonde reelle, la representa- 
tion de la sonde etant en outre orientee de maniere 
correspondant k I'orientation de la sonde par rap- 
port au corps anatomique (9), et la perspective de 

35 la representation de la sonde (10) correspondant a 
celle du modeie de corps a trois dimensions. 

13. Procede selon la revendication 1 , caracterise par le 
fait qu'il comprend en outre une 6tape d'etablisse- 

40 ment de registre avant I'obtention de la position spa- 
tiale, I'etablissement de registre comprenant les 
etapes consistant a: 

(a) positionner la sonde (10) a cote d'une ca- 
45 racteristique particuliere du corps anatomique 

0); 

(b) determiner une position spatiale de la sonde 
(10); 

(c) visualiser une region du corps base de don- 
50 nees (17) ayant une caracteristique de corps 

base de donnees correspondant k la caracte- 
ristique particuliere; 

(d) identifier la caracteristique particuliere sur 
la region visual isee; et 

55 (e) enregistrer la position spatiale de la sonde 

et I'emplacement sur le corps base de donnees 
qui correspondent a la position de la caracte- 
ristique particuliere; 
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ce qui fait qu'est determinee une correspondence 
entre un emplacement en base de donnees et une 
position spatiale de la sonde (10). 

14. Procede selon la revendication 1 , caracterise par le 
fait qu'il comprend en outre une etape d'etablisse- 
ment de registre avant I'obtention de la position spa- 
tiale, I'etablissement de registre comprenant les 
etapes consistant a: 

(a) marquer des emplacements dans le corps 
base de donnees (1 7) qui correspondent a des 
caracteristiques particulieres du corps anato- 
mique (9); 

(b) positionner la sonde (10) a cote d'une ca- 
racteristique particuliere du corps anatomique 

(9) ; 

(c) determiner la position spatiale de la sonde 

(10) ; 

(d) enregistrer la position spatiale de la sonde 
(10) et son emplacement correspondant sur le 
corps base de donnees; 

ce qui fait qu'est determined une correspondance 
entre un emplacement sur le corps base de don- 
nees et une position spatiale de la sonde (10). 

15. Procede selon la revendication 1 , caracterise par le 
fait qu'il comprend en outre une etape d'etablisse- 
ment de registre avant I'obtention de la position spa- 
tiale, I'etablissement de registre comprenant les 
etapes consistant a: 

(a) marquer une position sur le corps anatomi- 
que (9) d'une image lue particuliere contenant 
un emplacement correspondant dans le corps 
base de donnees (17); 

(b) positionner la sonde (10) a cote de la posi- 
tion marquee sur le corps anatomique (9); 

(c) determiner la position spatiale de la sonde 
(10); 

(d) enregistrer la position spatiale de la sonde 
(10) et son emplacement correspondant sur le 
corps base de donnees; ce qui fait qu'est de- 
terminee une correspondance entre un empla- 
cement sur le corps base de donnees et une 
position spatiale de la sonde (10). 

16. ProcedS selon la revendication 13, caracteris6 en 
ce que la visualisation de I'etape (c) est une visua- 
lisation en trois dimensions. 

17. Procede selon la revendication 13 ou 16, caracte- 
rise en ce que plus de trois emplacements en base 
de donnees sont identifies et en ce que les erreurs 
intervenant entre les emplacements en base de 
donnees et les positions spatiales qui correspon- 
dent sont minimisees afin d'ameliorer la precision 



de I'etape d'etablissement de registre. 

18. Procede selon la revendication 17, caracterise en 
ce que les erreurs sont minimisees en utilisant au 

5 moins I'analyse par carres moyens. 

19. Procede selon la revendication 13, caracterise en 
ce que la sonde (10) est liee au corps anatomique 
(9) de sorte que si, apres etablissement de registre, 

10 le corps anatomique (9) est deplace, le registre eta- 
bli faisant correspondre le corps base de donnees 
(17) au corps anatomique (9) est maintenu. 

20. Systeme pour visualiser des regions internes d'un 
is corps anatomique en utilisant un corps base de 

donnees (17) d'images anterieurement saisies du 
corps anatomique (9), le systeme comprenant: 

une sonde (10); 

20 une unite de memorisation de base de donnees 

(12) contenant les images anterieurement sai- 
sies du corps anatomique (9); 
un moyen de determination spatiale (20a, 20b, 
36, 37, 39) pour determiner la position spatiale 

25 de la sonde (10) relativement au corps anato- 

mique (9); 

un ordinateur (11) utilisant les images anterieu- 
rement saisies pour generer une representa- 
tion d'une region du corps anatomique (9) voi- 
30 sine de la position spatiale de la sonde (10); 

un moyen (11) pour fairs correspondre par ap- 
plication et registre a ladite position spatiale de 
la sonde par rapport au corps anatomique (9) 
I'emplacement en base de donnees correspon- 
ds dant de la sonde (1 0) par rapport au corps base 
de donnees (9); et 

une unite de visualisation (13) pour visualiser 
la representation du corps anatomique, 

40 caracteris6 en ce que 

ladite sonde (10) et ledit corps anatomique (9) 
ont chacun des moyens (20a, 20b, 26, 27) pour per- 
mettre audit moyen de determination de determiner 
la position spatiale de la sonde (10) par rapport au 

45 corps anatomique (9) de maniere a autoriser les de- 
placements ind6pendants de la sonde (10) et du 
corps anatomique (9) de telle maniere que le regis- 
tre etabli faisant correspondre le corps base de don- 
nees (17) au corps anatomique (9) soit maintenu. 

50 

21. Systeme selon la revendication 20, caracterise en 
ce que les representations gen^rees sont visuali- 
sees dans une presentation de surface a trois di- 
mensions. 

55 

22. Systeme selon la revendication 20, caracterise en 
ce que I'ordinateur (11) est adapts a etre initialise 
pour Templacement dans I'unite de memorisation 
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de base de donnees correspondant a la position 
spatiale de la sonde (10) en positionnant la sonde 
a cote d'un point caracteristique particulierdu corps 
anatomique (9), en determinant une position spa- 
tiale de la sonde (10), en visualisant une region du 
corps base de donnees (17) ayant une caracteris- 
tique de corps base de donnees qui correspond a 
la caracteristique particuliere sur la region visuali- 
see, et en enregistrant la position spatiale de la son- 
de (10) et remplacement sur le corps base de don- 
nees (17) correspondant a la position de la carac- 
teristique particuliere. 

23. Systeme selon la revendication 22, caracterise en 
ce que les images gendrees sont deplacees en pre- 
sentation a trois dimensions pendant I'etablisse- 
ment de registre, et les caracteristiques particulie- 
res sont identifies sur la presentation a trois di- 
mensions. 

24. Systeme selon la revendication 20, caracterise en 
ce que le moyen de determination spatiale (20a, 
20b, 36, 37, 39) comprend: 

(a) un emetteur electromagnStique sur un point 
de r6t6rence pour transmettre un signal; 

(b) un capteur sur la sonde (10) pour recevoir 
le signal; et 

(c) un moyen pour comparer le signal transmis 
avec le signal recu afin de determiner la posi- 
tion de la sonde 

25. Systeme selon la revendication 20, caracterise en 
ce que le moyen de determination spatiale (20a, 
20b, 36, 37, 39) comprend: 

(a) une premiere, une seconde, une troisieme 
et une quatrieme sections; 

(b) un pied; 

(c) une premiere articulation entre la premiere 
section et la sonde; 

(d) une seconde articulation entre la premiere 
et la seconde section; 

(e) une troisieme articulation entre la seconde 
section et le pied; 

(f) une quatrieme articulation entre le pied et la 
troisieme section; 

(g) une cinquieme articulation entre la troisie- 
me section et la quatrieme section; 

(h) une sixieme articulation entre la quatrieme 
section et un point de reference dont la position 
spatiale relativement au corps anatomique est 
connue; 

(i) des detecteu rs intervenant au niveau de cha- 
cune des articulations; et 

(j) un moyen connecte aux detecteu rs pour de- 
terminer la position de la sonde relativement au 
corps anatomique. 



26. Systeme selon la revendication 20, caracterise en 
ce que le moyen de determination spatiale (20a, 
20b, 36, 37, 39) determine I'orientation spatiale de 
la sonde (10) aussi bien que la position spatiale de 
5 cette derniere. 
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